Acute gastric dilatation occurs sporadically in laboratory-housed nonhuman primates. Clinical histories often include chronic drug administration, food restriction, accidental overfeeding, and prior anesthesia. Monkeys may be found dead or may have clinical signs of colic, abdominal distention, and dyspnea. Death in untreated cases is due to impaired venous return and cardiopulmonary failure. Gastric distention with fermented gaseous ingesta and congestion of the abdominal viscera are the predominant lesions. The cause of acute gastric dilatation is unknown, but it probably is multifactorial. Two principal factors seem to be intragastric fermentation associated with Clostridium perfringens, and abnormal gastric function.
of acute gastric dilatation in nonhuman primates are reviewed and compared to the condition in 2 1 monkeys necropsied at a university medical facility.
Acute gastric dilatation was first reported in eight macaques in 1967 [2] . Subsequently, there have been cases in both Old and New World monkeys [4, 7, 9, 11, [13] [14] [15] [16] . The clinical syndrome and lesions of acute gastric dilatation are remarkably consistent in all reports, including ours (see Results). The pathogenesis of acute gastric dilatation has not been elucidated, but there seem to be several common predisposing factors: dietary manipulation, microbial fermentation of ingesta, and prior anesthesia. Intercurrent disease rarely is present, although there was one report of acute gastric dilatation in a pet Ateles geoffroyi that also had rickets [7] .
The quantity and composition of monkeys' diets are important in the pathogenesis of acute gastric dilatation. Many monkeys with a history of food restriction in conjunction with behavioral experiments develop the syndrome following subsequent ad libitum feeding or overfeeding 111, 14, 151 . Changes in feeding practice over weekends also have been implicated [16] . In other instances, there are no apparent changes in feeding practices preceding acute gastric dilatation [4, 7, 9, 131. In almost all reports of this condition, nonhuman primates had been fed a commercial biscuit-type diet. According to one group of investigators, such commercially processed food predisposes animals to bloat by presenting to the gastric flora short-chain dextrins which are readily degraded and fermented. Commercial diets also contain natural substances such as cereal grains, the carbohydrate fraction of soybean meal, and alfalfa meal which may cause bloat [16] .
The consistent necropsy finding of fermented gaseous ingesta in the stomach of monkeys that died of acute gastric dilatation has led to speculation concerning the role of microbial fermentation. The organism receiving the most attention as the primary cause of acute gastric dilatation is Clostridium perfringens. This gas-producing, anaerobic bacillus has been isolated from gastric contents of monkeys with acute gastric dilatation by several investigators, including us [ 14, 161 . Acute gastric dilatation was produced in a dog inoculated with cultivated stomach contents (including Cl. perfringens) from a monkey with acute gastric dilatation. By immunofluorescence techniques, a relative increase in the number of Clostridium spp. was found in gastric contents of monkeys and dogs that died of acute gastric dilatation [ 161.
Necrotizing ileocolitis associated with this condition has been described in four Macaca arctoides, and Cl. perfringens toxin was isolated from the colon of one [ 
These investigators suggested that acute gastric dilatation in nonhuman primates was analogous to enterotoxemia of ruminants, i.e., clostridial toxins rather than gas production were responsible for the syndrome. Experiments were not done to test this hypothesis.
Other bacteria isolated from gastric contents of monkeys with acute gastric dilatation have included Lactobacillus, alpha Streptococcus, Enterobacter cloacae, and Escherichia coli [4, 13, 15, 161. One investigator speculated on the role of anesthetic, immobilizing, or tranquilizing drugs in predisposing monkeys to acute gastric dilatation. Of the 23 monkeys he reported, 13 had received one of these drugs one to two days before developing acute gastric dilatation [ 141.
Materials and Methods
Necropsies were done on 21 Old World monkeys with acute gastric dilatation; these included 18 Macaca mulatta, two M. fascicularis, and one Cercopithecus aethiops. Sex distribution was 14 males and seven females, and most were young adults. All monkeys were conditioned, wild-caught animals that had been quarantined for 30 days after arrival. Following quarantine, they were housed in individual stainless-steel cages, fed commercial monkey biscuits (Monkey Chowa, Ralston Purina Co, St Louis, MO) and given isoniazid daily for tuberculosis prophylaxis.
If tissues were not autolyzed, they were collected and fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 4 pm and stained with hematoxylin and eosin (HE). Cultures of nonautolyzed gastric contents were taken aseptically and processed by standard microbiologic techniques. ' In the remaining four monkeys, the stomach was emptied before death.
Case Histories
All monkeys were used in experimental studies, many of which involved long-term drug administration (table I) .
A history of dietary manipulation was common among our monkeys with acute gastric dilatation. Most of them were food-restricted to 85% of their normal adult weight, so that food could be used as a reward for performance. Accidental overfeeding with biscuit-type food immediately preceded acute gastric dilatation in three cases. Two monkeys with acute gastric dilatation had been fed liquid diets (Sustagen@, Mead Johnson and Company, Evansville, IN and E n s u r e @ ' , Ross Laboratories, Columbus, OH).
Often, the clinical signs of acute gastric dilatation are not seen; 15 of the primates in our study were found dead in their cages. Clinical signs were seen in only six cases. These monkeys presented with abdominal distention, dyspnea, and a hunched posture. Pallor or cyanosis of the mucous membranes signified advanced respiratory distress and ensuing cardiopulmonary arrest. In three of the six monkeys, medical intervention was attempted. This consisted of emptying and lavage of the stomach. Fluid therapy was initiated to correct hypovolemic shock and electrolyte and acidbase imbalances. Antibiotics and steroids were given to combat bacteremia and endotoxic shock. One of the monkeys was discovered in the terminal stages of acute gastric dilatation and died before gastric intubation could be accomplished. 
Results
External examination showed common features in the monkeys with acute gastric dilatation. The jaws were clenched with the tongue protruding. Ingesta and blood often were found in the nostrils and mouth. Rectal prolapse was seen in five monkeys. Subcutaneous hemorrhage and edema were distributed along the ventral abdomen and inguinal areas. Crepitant subcutaneous emphysema was common, and correlated with gastric rupture.
The principal lesions in monkeys that died from acute gastric dilatation were in the gastrointestinal and respiratory tracts (table 11). The stomach was atonic and greatly distended with gaseous fermented ingesta ( fig. 1 ). The distended stomach filled the cranial quadrants of the abdomen and compressed the caudal vena cava. Several monkeys had suffusion hemorrhages on the gastric mucosa, which were blackish-brown because of acid digestion of blood. Postmortem gastric rupture occurred along the greater curvature. The small and large intestines had diffuse passive congestion and were displaced caudally and toward the pelvic inlet by the enlarged stomach. Passive congestion also was evident in other abdominal viscera.
The lungs were congested and edematous; atelectasis was present in the caudal lobes. In six monkeys that had vomited, aspirated gastric contents were present in the trachea and bronchi. The stomach and other abdominal organs of most monkeys were unacceptable for histologic examination or culture because of autolysis. Gastric cultures from two monkeys with non-autolyzed tissue showed Cl. perfringens.
Microscopically, the surface epithelium of the stomach appeared autolyzed and contained many gas bubbles, acid hematin, and large bacterial rods. Deeper in the mucosa, in the glandular epithelium, there was a zone of acute purulent inflammation similar to that seen at the border of an infarct. Beneath this zone was a diffuse purulent infiltrate that contained many bacterial rods ( fig. 2, 3) . Neutrophils and serofibrinous exudate were present in the submucosa along with congestion and many purulent thrombi. In the portion of mucosa corresponding to the brown-black areas seen grossly, there were extensive mucosal and submucosal hemorrhages, acid hematin, and edema.
Discussion
Case reports indicate that many factors are involved in acute gastric dilatation in nonhuman primates. These factors include food restriction, overeating, feeding of readily fermentable food, microbial fermentation of ingesta, prior anesthesia and abnormal gastric function. There have been few controlled studies to identify the relative importance of these factors. Two postulated causes of acute gastric dilatation in nonhuman primates that merit further discussion are intragastric fermentation and abnormal gastric function.
In dogs with acute gastric dilatation, Clostridium perfringens frequently is isolated from gastric contents [ 161. The clinical and pathologic similarities between acute gastric dilatation in dogs and in nonhuman primates and the occasional isolation of Cl. perfringens from nonhuman primates with acute gastric dilatation lend support to the belief that this gas-producing bacillus participates in the production of the syndrome.
One attempt to reproduce the condition in nonhuman primates by direct inoculation of healthy monkeys with gastric contents of monkeys that died of bloat was unsuccessful [ 131. This parallels the experience in dogs, in which cultivated stomach contents, including CI. perfringens, must be used in order to produce acute gastric dilatation. In addition, this condition cannot be produced in normal dogs inoculated with cultivated stomach contents from dogs or nonhuman primates with acute gastric dilatation unless the stomach is ligated [ 161. These findings suggest that Cl. pefringens alone is insufficient to produce the condition and that abnormalities in gastric motility also may be necessary.
In man, the role of abnormal gastric function in the production of acute gastric dilatation has been emphasized. Most information on acute gastric dilatation in people stems from clinical studies, which show predisposing factors similar to those in nonhuman primates. For example, people with acute gastric dilatation have had histories of overeating preceded by chronic food restriction. Acute gastric dilatation was reported in four prisoners of war who were fed a normal-sized meal following a period of chronic food deprivation [8] . Other investigators have reported acute gastric dilatation in women undergoing treatment for anorexia nervosa when they were fed larger meals [5, 61 . These situations were analogous to those of monkeys on chronic food restriction.
There have been many reports of acute gastric dilatation in people after anesthesia [ 1, 3] . These investigators postulated that acute gastric dilatation occurred secondarily to paralytic ileus or gastric atony produced by the various anesthetic agents. In Macaca mulatta, ketamine anesthesia may predispose to acute gastric dilatation, as it has been shown to increase the gastric transit time of a semisolid meal fed to normal monkeys [ 121. The duration of this ketamine effect was not reported. Without specifically naming the agents incriminated, one investigator considered anesthetics, immobilizing drugs and tranquilizers administered to nonhuman primates within 12 to 48 hours prior to acute gastric dilatation to have been significant in the production of the syndrome [14] . Relative to the widespread use of anesthetics in nonhuman primates, however, acute gastric dilatation is an infrequent complication.
Other gastrointestinal malfunctions may play a role in initiating or perpetuating acute gastric dilatation. It has been suggested that the accumulation of gastric gas due to aerophagia is contributory to this condition [l, 3, 101. Aerophagia results from relaxation of the superior esophageal sphincter and is enhanced by increased negative intra-esophageal pressure. Such pressures develop during abnormal respiration, increasing aerophagia when the bloating nonhuman primate becomes dyspneic. Authors also have pointed to cardiospasm and defective gastric contractility as contributory to acute gastric dilatation in man and animals [16, 171. Cardiospasm results in an inability to vomit adequately, thus preventing the alleviation of acute gastric dilatation. While many other predisposing factors in man have been postulated, their relevance to nonhuman primates is unknown.
In the future, controlled microbiologic studies may show whether aberrant colonization of the nonhuman primate stomach by Clostridium spp. or other bacteria contributes to acute gastric dilatation. Because food restriction has been associated with this condition, a study of its effect on gastric flora and function may be rewarding. Further investigation is needed into the effects of anesthetics on gastric motility because of their frequent use in nonhuman primate restraint. Because of its unknown cause, abrupt clinical presentation, and difficult management, acute gastric dilatation remains a significant problem in nonhuman primate colonies.
